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ABSTRACT: The alcohols synthesis were studied over copper-cob& c a w s  h m  
mas mder pressure (6.0 Mpa). Ihe higher alcohols formation was enhsnced wirh the 
coboh content, caused probably by an morease of the number of Co-Cu bisites, end the 
higJ~er hydrocarbons augmented simuitmeously, explained by common reactional 
intcamodiates. The cob& quantity on the surface ~ ~ ~ ~ U U I W S  the chain growth wohg into 
alcohols or hydrocarborn It was shown that an augma~tation of CO insertion and a 
&tion of the hydrogemtion pmperty of system could be responsible of thest 
e&ota, as supported by the tests of reactivities and those of probe molecules It was 
illumntted that some mng interactions existed between cobalt and copper, and the 
kfh~rmoes of di&mt p r e t r w  were also investigated 

1. INTRODUCTION 

The syngas conversion ZemaiDB one of the most interesting reacriOne in hetomgearnus 
catdysia WeOiany since thetivo energy orisisin the world, the more efFectivs utilisations 
of syngas have attracted much attention [1,21. With d8-t catah/ste and opaational 
conditiom, it could be o n d  into methenolption. methanation, ole611 produdon via 
Fder-Tropsch reaotiolls, synthesis of ethanol or acetyl aldehyde over Rhodium cadysb, 
or synthesis of mixed d w h 0 4  etc. In that mixed alcohols production, the main problem 
w e  cubon chain growth, hi@ alcohol activity and good &&vity. S w d  catalytic 
systems have been proposed PI, the copper-cob& catdym eecm to be the most 

In this work, the influenoee of cob& additives onto wpper based catalysts vmre 
investigated, pd well as the effeds of pretreatments and those of supports. the temperature 
programmed reduction (TPR) and CO chemisorption wen performed for the wtalys~ 
chuscterizations, the resutts of probe molecule tests were also disoussed 

11-31. 

2. EXPERIMENTAL 

2.1. Catplyst preppration: the supports were prep& by the coprecipitation methOd41, 
refarsd a~ w i ) .  The atalyxb were prepared by iqregnatiug the support with an 
a@ww sohuion of CO(N0j)t 6H2O to a desired content. The impregnates were dried at 
700c in I fhurofargon, and calcined at 35OW in a h  ofargon or in air for 5h They are 
refaed as x??iCo/CuL&(i). 
2.2. Synsns reaotions: hydrogination of CO was canied out m a wntim~ow flow reactor 
Consietiag of a 6 -ID stainless steeltube umtrining 0.5 g of catalyst under the reaction 
conditions: P - 6.0 W4 T = 250-28oOC, Hz/CO = 2, D = 4 Wg. ?he reaction produots 
were Malysed by gas ohromatography. 
2.3. Robe moleoule tests: the samples (0.5g) were reduced in hydroesn over night, then 
brou&t into contact with synthesis gas (P = 0.1 MPa, T = 225OC). Mor reaching a 

statio& ate. a aMn amount (2 mol%) of probe moleoules (QHq) were sent into the 
C 0 4  meam and the geaeroted gasea were n d y d  by p chromPtography with flame 
-&ern [ 5 ~ .  . . .  
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3. RESULTS AND DISCUSSION 

3.1. In5uence of cob& additive 

studied over cobalt modi6ed copper 
catalysts, six samples with Merent E 
cobalt content were prepared and 
investigated. For the monometanic 
copper sample cuLazr(l), it has 
almost no chaiu growth, the higher 
alcohol hction was only 0.2%. With 
the cobalt addition, the higher 

enhanced, and it increases with the 
rise of cobalt contat, as does the yield mto highex hydro&ons (cz+HC) mad that Of 

total hydrocarbons. The sbnukaneous augmatation of %+OH and G+HC (%la) 
explained as that there were common intermediates for their formation PA. 

The alcohols synthesis were 6 

B 
r 2  

0 

dcohob ( c Z + o w  formation was Fbla y & S ~ ~ H d h c H H c  
-InfhmawUf*alw 

As suggested, during the growth of hydro&onated chain, there is a c o m p h n  
between the CH2* addition (formed on cobalt) which leads to the hydrocsrbons 
formation, arid the insemon of 40 
oxygenated species (formyl or CO, 
formed on copper) which results m 

alcbhols. Thus the cobalt quautity 
on the surface intluences the chain 

growth evolving into the alcohols or 

In the case of the production into 

:E 
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the fiaction hydrocarbons in total alcohols, both l. 10 Ld a3 , ,o %8 0 

J) 

5 

higher alcohols Cz+OH and thdr 0 

increase with the rise of the cobalt Fig Ih H @ e r d a h d s ~ a d r a 6 o h t c t d ~  
content (Fig. lb). -1nRWdoobenmdtnt 

3.2. Effect ofpretreatomit 
A pretreatment of the precursor after impregnation may be favorable to the 

decomposition of Co(NO& and the formation of Co304, which results in a laodification 
of the reducibility of the catalyst and eventuelly the fbrmation of mked oxidea We have 
compared the pretreatmeats operating at the temperatures between 35OOC md 7oooC, m 
an inert fhur (argon) or m air ~viromnau (21% %). 
As illustrated in Fig.2, the 

catalytic activity decreases while 
the calcination tempemture rises, - 
and the best results of the alcohol 9 
production and the higher alcohol g 

obtained by calcinating at 3 5 W .  
when calcinated m air rathex than 
in argon, the catdytic system orient 
the reactions much more 

ratio (C2+OWROH) have been 3 

( 
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nS2. Effed dprebeabl lent~8dMhdthe~ seledvely to the almhols, and the 
alcohols productivity is also better fbr the previous ~yrrtsm (cabhated in air). 
pretreatment at 35OOC m air has been used for tho continunth of the work 
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3.3. Illfluence of support 
In our previous work, several 

copper b a d  Eatalvsts were 
invesigated. It is the sample cuLezr(2) "I =- which is the most favorable for the 
&olation, and it was then utilised 

for the preparation of the bimetallic 
as a support in the place of cULazr(1) 

Catalya. In fic& the'catalyst 
5%Co/cuLaz1(2) gives better results. 7 0  

Ihe effeds of readion temperature 
were also studied. It was shown that -3 IrAuaPedreacb&ltenperahrr, 

both yields of alcohols and of 
hydrocarbons increased with the reaction temperature, and that the selectivity to nlcohols 
pass a maxiunm of 38.4% at 27ooC (Fii3), and the alcohols productivity was 35.8 Blkg 
cat41 with ahigher alcohols ratio of 5 1.6%. 

3.4. CO chemisorption and TPR 
Ihe  chemisorption of reaaants like CO or Hz was the slow step in CO/H? reactions. 

Ihe quantity and the form of CO adsorbed are o h  relation to the rate and the 
oricDtation of the reaction. And the shldy on CO chemborption m y  dm give some 
information of the accessible metallic area ater the reduction[9]. 

Ihe tests of CO chemisorption were made on three types of catalysts (CuLaZr, 
C o M ,  Co/CuLaZr) and the puantitieS of CO c h h r b e d  at ambient temperature are 
compared It is shown that the addition of cobalt onto CuLeZr degeases the acCc85ib10 
metallic area of the cat&t, as explained by a covering of copper sites by cobalt oxide 
(mre  d i f E d U y  reducible) on the surfuce ofthe catalyst. 

Ihe temperature programmed d u d o n  (TPR) teste were pafolmed to see the 
idum of cobalt additive on the catalyst reducibilitk, and the TPR spectra of the above 
three catalysts were compared. Ihe maximum of the reduotion peak of cobalt atdysts 
werc at 316W and that of copper ~yraem was at 218OC. And for the bimetallic system 
(co/cULezr), there was only a reduction peak with a maximum at 255OC. lhie 
phenomcnum suggeaed that there was an iateradion bctwem cobah and copper, which 
nsuhed m a simdtaneous reduction and a decrease of the Co304 reduuion temperature. 
'Ibis mteraction was also reported by Mounddib [lo]. 

3.5. Probe molecule tests 
The effect of ethylene addition is illuseated in Fii.4. It is shown that C z q  addition 

leads to a great augmentation of PKO~MO~,  with a diminution of methanol Propanal 
@ropionic aldehyde) increases shultmeously. 'Ibis result suggested that there is ~n 

insertion of ,the methanol pncursor (like formyl species or CO) tto the chemisorbed 
The other formed products (like CHq, C3& and C 4 k l o .  not represented in 

the figure) change only a little. 
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As discussed by Chuang et ds], the insertion of C1 oxygenated species (CO or formyl) 
mto hydrocarbonated entities has particular importances as an indication of the growth of 
the oxygenated producta The comparison with the results of monometallic syetem is 
represented m Fig.5. It is observed that only over bimetallic catalyst a great nugineatation 
of the C3H7OH formation has been achieved It means that the simultaneous presence of 
copper and cobah is important for a good chain growth formation mto the alcohols. 

The ratios C2Hd(CzHq+C&) and C3H70WC2H5CHO may be good indications for 
the hydrogenating properties of the systems. It is observed that ethane repments 99.7% 
of total C2 hydrocarbon over the catalyst CuLSzr, which mdicntes a great hydrogenating 
property of the system However, the chrin growth on this system is very low. For the 
catalyst CoRazr, the ratio of QH&2H.+2%) is 2.1Y6 which indicates a weak 
hydrogenating property of the system, which may be m relation to its weak activity. In the 
case of C o / M ,  the ratio of C2H&2Hq+C&5) is 20.50/, and C3H7OWC2H~CHO 
is 30, which mdicated a good hydrogenating property ofthe system. 
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Fig.5. EEect of CzHq addition to syngas on C3H7OH formation 

4. CONCLUSION 
It was shown that there were some strong interactions bctwem cobah and copper, and 

their simuit~eous presence was important for a good orientation for the alcohol 
formation. And the addition of cobalt onto CuLSzr system may have three impoxtmt 
effects on the higher alcohol proddon: an maease of the formation of hydrocamomted 
species, an augmentation of the CO insertion property of the system, and a modi6cah of 
the hydrogenating property of the catalyst, as supported by the tests of reactivities and 
those of probe molecules. With different pretreatment, the results show that the 
calcination at 35WC in air was most borable. 
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